Introduction
Obesity is associated with the development of insulin resistance, an important etiology of type 2 diabetes mellitus (T2DM) which also leads to other pathological conditions including hypertension, atherosclerosis, and coronary heart disease [1] . In addition, people with obesity are at an increasing risk of having a nonalcoholic fatty liver disease (NAFLD), a condition described by hepatic triglyceride accumulation without overwhelming alcohol consumption [2] .
There is a study to show that adipose tissue has a role in regulating energy homeostasis as well as a development of insulin resistance [3] . The long-term intake of high-fat diet (HFD) can cause hypertrophy and, subsequently, dysfunction of adipocytes [4, 5] . An Objective: To examine the effect of Brassica oleracea extract (BO) on impaired glucose and lipid homeostasis in high-fat diet (HFD)-induced obese mice. Methods: Obesity of ICR mice was induced by feeding a HFD (45 kcal% lard fat) for 16 weeks. During the last 8 weeks of study period, obese mice were additionally administered with BO (100 and 200 mg/kg/day).
The metabolic parameters were determined. The gene expressions of hepatic lipogenesis were also studied. Results: After 8 weeks of treatment, BO (100 and 200 mg/kg) significantly reduced hyperglycemia and improved insulin sensitivity (P < 0.05). The serum lipid (total cholesterol, triglyceride, and non-esterified fatty acid) and hepatic triglyceride and nonesterified fatty acid were decreased (P < 0.05). The levels of insulin and leptin in serum were also decreased (P < 0.05). Moreover, the expressions of hepatic lipogenic genes including sterol regulatory element-binding protein 1c, fatty acid synthase, and acetyl-CoA carboxylase were decreased by BO treatment (P < 0.05). Conclusions: These results suggest that BO is a new therapeutic agent for improving the homeostasis of glucose and lipid in HFD-induced obese mice probably by suppression of lipogenic genes in liver tissue. increased influx of free fatty acid (FFA) into hepatic tissues occurs when serum FFA is over the normal level, causing the NAFLD or hepatic steatosis [6] . This consequently leads to an insulin resistance and an increased gluconeogenesis within the liver [7] . It has been reported that the insulin resistance with a high insulin level can stimulate the transcription factors regulating hepatic lipogenesis and 毬 -oxidation [8] . The sterol regulatory element-binding protein 1c (SREBP1c), especially, is one of the transcription factors responsible for an increase of hepatic lipogenesis by stimulating the lipogenic enzymes such as fatty acid synthase (FAS) and acetyl-CoA carboxylase (ACC) [9, 10] . Overall, the increases of FFA, insulin level, hepatic lipogenesis transcription factors and enzymes altogether play the intertwining roles in the underlying mechanism of the NALFD [11] .
Brassica oleracea (BO) is an edible plant in the cabbage family with its large flowering head often eaten and regarded as vegetable. It exhibits several bioactivities such as anticancer [12] , antioxidant [13] , neuroprotective [14] , and renoprotective activities [15] . However, there is no report to show the effect of BO extract in obesity condition.
Therefore, this study was designed to evaluate its roles on an improvement of glucose and lipid homeostasis in HFD-fed mice as well as to elucidate the possible underlying mechanism.
Materials and methods

Plant extraction
BO head was collected from Chiang Mai, January 2017. A botanical specimen was identified by the Faculty of Pharmaceutical Sciences, Rangsit University, Thailand. The dried BO was extracted with dichloromethane for 30 min. The extract was evaporated, concentrated and subsequently freeze-dried. The yield was calculated to be 9.50%. BO was then suspended in 5% gum arabic.
Obesity induction and experimental design
Thirty-two male ICR mice (weight 20-25 g) were purchased from the National Laboratory Animal Center of Mahidol University, Nakhon Pathom, Thailand. They were housed in a temperaturecontrolled facility (25 依 2) 曟 under a 12-h dark-light cycle.
They had free access to low-fat diet containing 10 kcal% lard fat (D12450H, Research Diets, New Brunswick, NJ, USA) and water ad libitum for a week, prior to the study. The experimental protocols were approved by the Animal Ethics Committee of Srinakharinwirot University, Bangkok, Thailand (Rec.No. 6/2559).
All the mice were divided into 4 groups (8 mice per group): normal control group, obese model group, treatment group with BO at 100 and 200 mg/kg/day. For the normal control group, mice were fed a low-fat diet for 16 weeks. The induction of obesity was done as described previously [4] . The obese mice group was fed with a HFD containing 45 kcal% lard fat (D12451, Research Diets, New Brunswick, NJ, USA) for 16 weeks. After 8 weeks of HFD feeding, the obese condition was confirmed by measuring the body weight and intraperitoneal glucose tolerance test (IPGTT). Eight weeks later, normal control mice in the first group were orally administered with 5% gum arabic. Obese model mice in the second group were orally administered with 5% gum arabic. Obese mice in the third and fourth groups were orally administered with BO at 100 and 200 mg/kg/day, respectively. The treatments were continued for 8 weeks. Body weight and food intake were checked once a week.
After 8 weeks of study period, the mice were fasted for 6 h and anesthetized by isoflurane inhalation. Whole blood was drawn from heart for checking the fasting blood glucose (FBG) level. The rest of whole blood was centrifuged and the serum samples were collected for checking the metabolic parameters. The liver was removed for further biochemical and gene examinations as described below. 
IPGTT
Serum insulin and leptin levels
The concentrations of serum insulin and leptin were examined using the ELISA kit assay (EMD Millipore, MA, USA).
Serum and liver lipid profiles
The commercial kits from Wako (Osaka, Japan) were used for measuring the levels of serum total cholesterol (TC), triglyceride (TG), and non-esterified fatty acid (NEFA).
The liver TG and NEFA contents were determined as described previously [16] with some modifications [17] . The commercial kits from Wako (Osaka, Japan) were used for measuring the concentrations of liver TG and NEFA.
Gene expressions of SREBP1c, FAS and ACC
The liver tissue was used for extraction of total RNA and synthesis of cDNA by method that has been described previously [17] . The gene expression was performed with a StepOnePlus TM RealTime PCR system using TaqMan Gene Expression Master Mix Kit (Applied Biosystems, CA, USA). The probes and primer sequences were designed by the Applied Biosystems [17] . All mRNAs were normalized to the level of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and calculated using the comparative computed tomography (CT) method with the formula 2 -∆∆Ct .
Statistical analyses
Results were presented as mean 依 SEM. The data were calculated using one-way analysis of variance (ANOVA) followed by Tukey's post-hoc test (Systat Software, CA, USA). P-value < 0.05 indicated statistically significant difference.
Results
Metabolic parameters
The amount of food intake of all the obese groups was significantly lesser than that of the normal control mice ( Table 1 ). The BOtreated groups did not affect the average food intake as compared to the obese control group (Table 1) . In obese control group, the body weight was significantly increased when compared with the normal control group (Table 1) . Interestingly, the BO-treated groups showed the body weight reduction as compared to the obese control group; although this finding was not significant statistically.
The obese control group had the high FBG throughout the duration of 8 weeks of study period (Table 1 ). Compared to the obese control group, the FBG was significantly reduced in BO-treated groups (P < 0.05). Moreover, the administration of BO (100 and 200 mg/kg) significantly reduced the insulin and leptin levels compared to the obese control group (Table 1) .
The IPGTT showed that the blood glucose level was increased in obese control group as compared to the normal control group ( Figure   1 ). However, it was found that the BO-treated groups could suppress the rising glucose levels at every time point after glucose loading (P < 0.05) when compared to the obese control group.
Levels of serum TC, TG and NEFA were significantly reduced in the BO-treated groups in comparison with the obese control group (Table 2) . Furthermore, the contents of hepatic TG and NEFA were also significantly decreased in BO-treated groups (Table 2) . 
Hepatic lipogenic gene expressions
As shown in Table 3 , the gene expressions of SREBP1c, FAS and ACC were significantly elevated in the obese control group compared to the normal control group. The elevation in the expressions of these Table 1 Effect of BO on metabolic parameters in HFD-induced obese mice. genes was significantly reduced by BO treatments. In addition, the obese mice treated with BO at both doses even showed significantly lower expressions of lipogenic genes compared to the normal control group (Table 3) . 
Groups
Discussion
Obesity is related to the insulin resistance development, a condition in which insulin-dependent cells cannot uptake and utilize glucose.
Both obesity and insulin resistance often progress to more serious conditions such as T2DM and coronary heart disease. Individuals with the insulin resistance usually develop hyperglycemia, glucose intolerance, hyperinsulinemia, and hyperleptinemia. Our study aimed to determine the effect of BO extract on the insulin resistance found in the obese subjects. We thus conducted the experiments using the obese mouse model [17] . In this study, mice fed with a HFD not only had significantly increased body weight but also showed the state of hyperglycemia, hyperinsulinemia, hyperleptinemia and hyperlipidemia. The present study indicates that the HFD-induced obese mice developed the condition of insulin resistance. This model was thus suitable for investigating effects of BO extract on glucose and lipid homeostasis in obesity condition.
At the end of 16 weeks after feeding with HFD, the body weight of the obese control mice was found to be elevated. Administration of BO could lower the body weight of the obese mice (even not statistically significant) despite similar amounts of food consumption among the obese groups. This suggested that taking BO may help with controlling body weight in the HFD-induced obese subjects.
Insulin and leptin are important mediators affecting the energy storage as fat [18] . The relationship between obesity and insulin resistance is generally acknowledged [18, 19] [18, 20] . There has been reported that the improvement of leptin sensitivity is associated with the decreased body weight and food intake in obesity [21, 22] . Improvement of leptin sensitivity is important for reduction of leptin receptor overstimulation [23] . This study showed that mice fed with HFD had significantly higher level of serum leptin when compared to the mice fed with low-fat diet.
Interestingly, obese mice with BO treatment significantly reduced the serum leptin levels as compared to the obese mice without BO treatment. As leptin resistance is often associated with obesity, it is thus possible that the body weight reduction in the obese mice treated with BO resulted in the improvement of leptin function.
In individuals with insulin resistance and obesity, hyperlipidemia and hepatic lipid accumulation are conditions commonly found [1, 24] .
Our study showed that the obese mice had significantly higher serum lipid profiles (TC, TG and NEFA) compared to the normal control mice. In addition, the increases of hepatic TG and NEFA storage were significantly detected in the obese mice, suggesting the development of NAFLD in these subjects. However, after 8 weeks of BO treatments, the hyperlipidemia as well as the increased hepatic TG and NEFA storage were significantly reduced. It is generally accepted that the elevation of fatty acid synthesis and the reduction of fatty acid oxidation are the two important mechanisms responsible for the TG accumulation in the hepatocytes. SREBP1c is an important transcription factor that is required for fatty acid uptake and biosynthesis, and it acts by stimulating the FAS and ACC lipogenic enzymes [9, 10] . In this study, the gene expressions of 
